The density of f-adrenergic receptors is reduced in crude membranes prepared from failing human myocardium. We (Circulation 1989;79:1214-1225 T he density of /8-adrenergic receptors and responsiveness to ,3-agonists are reduced in myocardium of patients with congestive heart failure.1-3 The mechanisms responsible for these alterations have not been delineated but may be related to the high levels of circulating catecholamines typically observed in patients with congestive heart failure.
Distribution of j3-Adrenergic Receptors in
Failing Human Myocardium T he density of /8-adrenergic receptors and responsiveness to ,3-agonists are reduced in myocardium of patients with congestive heart failure.1-3 The mechanisms responsible for these alterations have not been delineated but may be related to the high levels of circulating catecholamines typically observed in patients with congestive heart failure. ,3-Adrenergic receptors appear to reside in both the cell surface membrane (where they may interact with guanine nucleotide-binding proteins to activate adenylate cyclase) and in an intracellular membrane compartment in which coupling of receptor to A preliminary report of this work was presented at the Annual Meeting of the American College of Cardiology, March 1987 , and was published in abstract form (JAm Coll Cardiol 1987; 9:133A) .
Supported by National Institutes of Health Grant HL-17646, SCOR in Ischemic Heart Disease. J.E.S. is an Established Investigator of The American Heart Association. ischemia,10 and exposure to antagonists11 may promote redistribution of receptors between the surface and intracellular compartments without necessarily causing a change in the total tissue content of receptors. Redistribution of receptors between surface and internal compartments results in apparent up-or down-regulation of receptor density in the cell surface membrane and the potential for altered responsiveness to adrenergic stimuli.
Previous studies of /8-adrenergic receptor density in normal and failing human myocardium have used radioligand binding in conventional membrane preparations (30,000-50,000g pellet).2,3 These membranes are depleted of the putative internal compartment ("light vesicle fraction") that has a lower buoyant density than membrane fractions enriched in cell surface markers. Thus, the decreased ,3-adrenergic receptor density in membranes prepared from failing myocardium may reflect sequestration of receptors into the internal compartment without a net loss of receptors rather than reflect a reduction in the total tissue content of receptors. Moreover, use of membranes prepared from homogenates of whole myocardium precludes analysis of receptor distribution in specific components of the heart such as cardiac myocytes and the coronary vasculature. Recently, we12 and others13 have developed and validated methods for autoradiographic localization of ,3-adrenergic receptors in transmural slices of the heart. With this method, radioligand bound to the total content of receptors in intact tissue slices can be quantified with light microscopic resolution. In the present studies, we have used light microscopic autoradiography to localize the ,B-adrenergic antagonist ["lIodo]cyanopindolol in transmural slices of myocardium obtained from patients who underwent cardiac transplantation. The studies were designed to address three specific questions. First, is the total tissue content of 8-receptors reduced in failing human myocardium? Second, does downregulation involve only receptors on cardiac myocytes or is the density of vascular receptors reduced as well? Third, does down-regulation occur uniformly in a transmural distribution? Our results indicate that the total tissue content of receptors is reduced in failing myocardium. Although both myocytic and vascular receptor densities are reduced in all regions, down-regulation in the failing heart is related primarily to diminished receptor density in subendocardial myocytes.
Methods

Tissue Procurement
The goal of this study was to compare the transmural distribution of /3-adrenergic receptors in myocytic and vascular compartments of normal and failing human myocardium. Normal tissue samples analyzed in the present studies were obtained from the right and left ventricles of a 54-year-old man whose normal heart was harvested for valve homografts and from two cardiac transplant patients in whom one ventricle was functionally and morphologically normal, whereas the other ventricle was severely diseased. In one case, normal tissue was obtained from the left ventricle of a heart-lung transplant recipient with primary pulmonary hypertension in whom preoperative echocardiography showed normal left ventricular wall motion. Transmural samples of failing myocardium were obtained from hearts of seven additional patients who underwent cardiac transplantation. Table 1 lists selected clinical features of the study patients. Medications at the time of transplantation included angiotensin converting enzyme inhibitors, digoxin, diuretics, and vasodilators. Similar medications had been administered to subjects reported in previous studies.2,3 Patients who had been treated with ,Bagonists or antagonists were excluded from study.
Excised hearts were rinsed immediately in saline at 40 C, and transmural blocks of ventricular myocardium were dissected, cooled on dry ice, submerged slowly in liquid nitrogen, and stored in sealed containers at -70°C until used in experiments. Regions of grossly discernible myocardial necrosis or fibrosis were excluded.
Radioligand Binding Assays
Unfixed frozen sections, 12 Radioligand binding sites were localized autoradiographically in transmural myocardial sections with the emulsion-coated coverslip method.16 Acidwashed, gelatin-coated coverslips were dipped into melted Kodak NTB2 nuclear track emulsion (Eastman Kodak, Rochester, New York) and dried at room temperature for at least 3 hours. The emulsion-coated coverslips were glued at one end to slides containing radiolabeled sections, and after exposure of the emulsion for 18-30 hours, the unglued edge of each coverslip was gently lifted from the slides, and the emulsion was developed with Kodak D19 developer diluted 1:1 with water for 4 minutes and fixed with Kodak fixer for 4 minutes at 250 C. After photographic processing, the tissue sections were stained with hematoxylin and eosin, and the coverslips were sealed permanently to the slides. The tissue and overlying developed grains in the emulsion layer were examined by light microscopy. Grain densities were determined by counting grains per unit area of myocytic regions, coronary arterioles ,um in diameter), and intramural arteries (>300 ,um in diameter). Myocytic regions and arterioles of the subepicardium and subendocardium were analyzed separately. For docardium were defined as regions within five highpower microscope fields of the respective ventricular surface.
Grain densities, determined as number of grains Figure 1 , nearly The distribution of /3-adrenergic recep cytic and vascular components was de transmural sections prepared from four normal ventricles and from six failing ventricles in which a sufficient amount of tissue was available for autoradiographic analysis. The results are shown in Figure  6 . In the normal ventricles, the ratio of the grain density of subendocardial myocytic regions to that of myocytic regions of the subepicardium was 1 and intramural arteries is shown in Figure 7 .
roups of secBecause all grain density measurements were reparation of compared with normalized values of 1.0 assigned to pproximately subepicardial myocytes, the data shown in Figure 6 ng ratio was do not indicate the absolute extent of receptor )btained with down-regulation in individual compartments but show only that down-regulation occurred in a nonuniform transmural distribution. Table 2 Of the nine failing ventricles studied, eight exhibited diminished receptor density, whereas a single ventricle contained a greater density. This latter sample was obtained from a 37-year-old man who had an anteroseptal infarction with aneurysm formation 4 months before transplantation and had only recently developed severe congestive heart failure. Tissue for receptor analysis was obtained from a markedly hypertrophied area of the posterior left ventricle. Myocardial hypertrophy induced experimentally in laboratory animals is associated initially with increased /3-receptor density,20,21 but when functionally intact, hypertrophied myocardium becomes dysfunctional and when overt congestive heart failure supervenes, /8-adrenergic receptor density and responsiveness generally decline. [22] [23] [24] Thus, the apparent up-regulation of /3-receptors observed in one patient may reflect the marked degree of hypertrophy and the recent onset of overt failure in this patient.
In normal ventricles, autoradiography revealed a slightly greater /3-receptor density in subendocardial myocytes than in subepicardial myocytes, whereas in failing ventricles, the receptor density of subendocardial myocytes was significantly reduced.
Comparison of the distribution of receptors in normal and failing ventricles indicated that while the receptor density of all compartments was diminished in general, the greatest reduction was observed in subendocardial myocytes. Morphometric analysis of the relative amounts of myocyte area and myocyte perimeter (a measure of the amount of sarcolemma) showed conclusively that the autoradiographic observations could not be attributable to regional differences in tissue structure in failing myocardium. Thus, /3-adrenergic receptor density is down-regulated nonuniformly in the transmural distribution.
In previous studies of the distribution of /3-receptors assessed in membranes prepared from human myocardium, normal tissue was obtained from potential cardiac transplant donors whose hearts were subsequently not used for technical reasons.2,3 Unfortunately, our access to fresh, normal donor hearts that were not used in transplantation has been extremely limited. Normal tissues analyzed were obtained from the left and right ventricles of a 54-year-old man whose normal heart was obtained for valve homografts and from two transplant recipients in whom one ventricle was functionally and structurally normal, whereas the other was diseased. We chose not to analyze atrial appendages, papillary muscle fragments from excised valves, or other tissues resected from patients undergoing surgical procedures. In general, such tissues are obtained from abnormal hearts and do not 29 The availability of potent, high-specific activity antagonists such as ICYP now makes possible quantitative assessment of 13-receptor density in endocardial biopsies either in membranes30 or autoradiographically in sections. 31 Our results suggest that 13-receptor density measurements in endomyocardial biopsies may be sensitive indicators of the extent of up-or down-regulation in the heart because sampling is confined to subendocardial tissue in which altered receptor densities appear to be most marked.
